Abstract. This paper presents an open cloud based platform for composition, execution, and sharing of interactive data mining workflows. It is based on the principles of service-oriented knowledge discovery, and features interactive scientific workflows. In contrast to comparable data mining platforms, our platform runs in all major Web browsers and platforms, including mobile devices. In terms of crowdsourcing, ClowdFlows provides researchers with an easy way to expose and share their work and results, as only an Internet connection and a Web browser are required to access the workflows from anywhere. Practitioners can use ClowdFlows to seamlessly integrate and join different implementations of algorithms, tools and Web services into a coherent workflow that can be executed in a cloud based application. ClowdFlows is also easily extensible during run-time by importing Web services and using them as new workflow components.
Introduction and Related Work
The paper presents ClowdFlows, an open cloud based platform for composition, execution and sharing of data mining workflows. It was designed to overcome deficiencies of existing comparable data mining platforms while retaining their useful features along with new features, not provided in comparable software. The presented platform is distinguished by these important features -a visual programming user interface that works in a Web browser, a service-oriented architecture that allows using third party services, a social aspect that allows sharing of scientific workflows, and a cloud-based execution of workflows. ClowdFlows is accessible online at http://clowdflows.org.
Tools for composition of workflows most often use the visual programming paradigm to implement the user interface. Notable applications that employ this approach include Weka [1] , Orange [2] , KNIME [3] , and RapidMiner [4] . The most important common feature is the implementation of a workflow canvas where workflows can be constructed using simple drag, drop and connect operations on the available components. This feature makes the platforms suitable also for non-experts due to the representation of complex procedures as sequences of simple processing steps (workflow components).
In order to allow distributed processing, a service oriented architecture has been employed in platforms such as Orange4WS [5] and Taverna [6] . Utilization of Web services as processing components enables parallelization and remote execution. Service oriented architecture supports not only distributed processing but also distributed software development.
Sharing of workflows is a feature already implemented at the myExperiment website [6] . It allows users to publicly upload their workflows so that they are available to a wider audience and a link may be published in a research paper. However, the users that wish to view or execute these workflows are still required to install specific software in which the workflows were designed.
Remote workflow execution (on different machines than the one used for workflow construction) is also employed by RapidMiner using the RapidAnalytics server [4] . This allows the execution of workflows on more powerful machines and data sharing with other users, with the requirement that the client software is installed on the user's machine, which is a deficiency compared to our ClowdFlows solution.
With the described features in mind, we designed ClowdFlows, a platform which implements these features, but facilitated by enabling their access from a Web browser. The advantage of this approach is that no installation is required and that workflows may be run from any device with a modern Web browser, while being executed on the cloud. Apart from software and hardware independence, the implementation as a cloud based application takes all the processing load from the client's machine and moves it to the cloud where remote servers can run the experiments with or without user supervision.
The ClowdFlows Platform
ClowdFlows consists of the workflow editor (the graphical user interface) and the server side application which handles the execution of the workflows and hosts a number of publicly available workflows. The editor is implemented in HTML and JavaScript and runs in the client's browser. The server side is written in Python and uses the Django Web framework 1 . The workflow editor shown in Figure 1 consists of a workflow canvas and a widget repository. The widget repository is a list of all available workflow components which can be added to the workflow canvas. The repository includes a wide range of default widgets. Default widgets include Orange's implementation of classification algorithms, which were imported seamlessly as Orange is also implemented in Python. Weka's implementations of algorithms for classification and clustering, which we have wrapped as Web services, are also included in the widget repository by default. The widget repository may also be expanded Fig. 1 . A screenshot of the workflow editor with a semantic data mining workflow loaded [7] . This workflow can be accessed at the following address: http://clowdflows.org/workflow/104/.
by anyone at any time by importing Web services as workflow components by entering a URL of a WSDL described Web service. The operations of the Web service are converted to widgets and their arguments and results are converted to inputs and outputs of these widgets. The repository also includes a set of process control widgets which allow the creation of meta-workflows (a workflow of workflows) and loops (meta-workflows that run multiple times), and a set of widgets for results visualization.
The server side consists of methods for the client side workflow editor to compose and execute workflows, and a relational database of workflows, widgets and data. The methods for manipulating workflows are accessed by the workflow editor using a series of asynchronous HTTP requests. Each request is handled by the server and executes widgets if necessary, saves the changes in the database and returns the results to the client. The server can handle multiple requests at a time and can simultaneously execute many workflows and widgets.
The data are stored on the server in the database. The platform is database independent, but MySQL is used in the public installation. The data can be passed as pointers or as the data itself, depending on the widget or Web service implementation.
A repository of public workflows which also serve as use cases for this demo is available in ClowdFlows and can be accessed at http://clowdflows.org/existingworkflows/. Whenever the user opens a public workflow, a copy of that workflow appears in her private workflow repository in the workflow editor. The user can execute the workflow and view its results or expand it by adding or removing widgets. The user may again share her changes in the form of a new public workflow. Each public workflow can also be accessed through a unique address which is provided for the user to be shared through the workflow editor.
We have developed an open and general cloud based platform for data mining, which employs service-oriented technologies, and is ready to be used in any data analysis scenario.
The social aspect of the platform provides a way for users to share their work easily as each workflow can be accessed through a simple address. This allows researchers to distribute their work and results with ease, since ClowdFlows provides cross-platform functionality. The platform is also suitable for non-experts and beginner data mining enthusiasts because of its intuitive and simple user interface.
We are currently working on adding support for mining continuous data streams from the Web (e.g. RSS feeds). We will also continue to add new widgets for specialized machine learning and data mining tasks, focusing on text mining.
